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MATERIALS AND RESEARCH DEPARTMENT
CALIFORNIA DIVISION OF HIGHWAYS

FINAL (20 YEAR) REPORT
ON
THE CORRUGATED METAL CULVERT FIELD TEST
STARTED IN 1929 - 1930

Report by Thosa. E., Stanton
Materials and Research Engineer
January, 1951

SUMMARY

Starting in 1925 and ending in 1927 an extensive field
investigatlon was conducted of the performance of some 5275
culverts installed in highways of the state.

The followlng types and classes were inspected:

L279 Corrugated metal culverts
785 Reinforced concrete (Monolithic)
culverts up to 10 £t. span
197 Concrete pipe culverts
1 Vitrified pipe culverts

5275 Total

0f these structures h?97 were on the State Highway Systenm
and 4481 on County roads.

Groups of culverts were selected for inspection in all
parts of the state in order that the widest ranges in solls
and climatic conditions might be included.

The survey was conducted at the request of State Highway
Engineer R. M, lorton by Mr. €. L. McKegsson, Materials and

Research Engineer.
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The purpose of the investigation was to determine, 1f

possible, the relative values of concrete and different kinds

of metal in the hope of developing some constructive information

regarding proper installation and protective measures for increas-

ing the gervice value of the types in use.

As a result of the study, Mr. McKesson in 1928 reached the

following conclusions (which are herein quoted as of historlcal

interest and of value in supplementing the data developed from

the subsequent study herein reported):

(Quoting from Mr. McKesson's Report of 1928)

lt(l)

(3)

(5)

www fastio.com

The entire absence of structural failures
among 11250 corrugated metal culverts
inspectéd in California shows that these
tulverts have sufficient strength to meet
highway loading requirements, and that
present practices as to gauge, riveting,
ete. are adequate (as of 1928).

The average indicated life of ocorrugated metal
culverts in California, in fresh water and
with intermittent flow, based on observation
of 2500 such structures, is about eighty years.

Deterioration in corrugated metal culverts is
due almost exclusively bto corrosion, is pre-
ventable in many cases, and may be greatly
reduged in others.

Spelter alone does not provide sufficlent
protection against corrosion, except under
most favorable conditions of exposure, and
bituminous and other protective coatings are
usually desirable even where spelter is used.

The probable effect of such variables of
exposure as rainfall, filling abrasion and the
presence of salts, alkalis or minerals can be
foretold in a general way and the knowledge
can be ubilized in the economic selection

of culvert types.
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(6) The life of metal culverts can be most
economically prolonged by carefully eliminating
detrimental conditions of sxposure.

o ' (7) The average age of the culverts inspected was
' about ten years and more than half of those
under normal conditions of exposure were
gtill in a spelter stage. The life of spelter
under normal conditions in Callfornia appears
to average about 8.5 years. The average length
of expcsure of the base metal in culverts which
had lost their spelter was about 3.5 years. This
pericd is too short to justify definite findings
as to relative performance of base metals. Trends
were noted which indicated some slight superiority
of one metal under one set of conditions and of
another under different conditions but, in spite
of attempts which were made to evaluate or eli-
minate varlables of exposure, inconsistencies
from the apparent trends were noted which proved
conclusively that unknown variables still remain
: which, if understocd, might explain or nullify
. the slight apparent differences in performance.
o Much additional data and the lapse of more time
will be required before variations in culvert
. performance, if any, due to differences in base
' metal can be definitely known or evaluated. To
this end the daia gathered in thils study will
be made available to National Research Organiza-
tions for study along with data from thelr own
tests. A reinspection of the culverig included
in this study after an additional period of ten years
would probably bring conclusive findings.

(8) Assuming highway funds to have an earning power
of 5% per annum, a 100 year life consatitutes
"permanent" service in that no additional capital
expenditure would be justified to secure longer
_ service. Upon thls basis the average indicated
o 1ife of eighty years for corrugated metal culverts
- in California under the normal conditions described
in Paragraph 2 would justify a cost of aboutb 98%
of the cost of permanent structures. Familiarity
with cen ses for deterioration and elimination of
these causes will reduce this 2% preferential
showlng in favor of permanent structures.
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(9) Concrete pipe culverts have not been extensively

used on California State Highways, but a
' study of a limited number shows an indicated

average life of 96 years. Well made reinforced
concrete pipe meeting present specification
requirements will probably be "permanent"
gtructures under conditions prevailing in
this state.

(10) TUnder favorable conditions of exposure the
value of corrugated metal culverts, measured
in paragraph 8, may be only 25 to 75% of
the value of permanent structures. Economic
considerations should conbrol under these
circumstances, as in all others, and the
gelection of some type notb affected by these
destructive conditions may thus be found
desirable.

(11) Monolithic reinforced concrete culverts have
been found to depreclate very slowly under -
conditions prevailing in California and the
average performance of these culverts justifies
clagsifying this type as permanent. They are
not greatly affected by the unfavorable condi-
tions which accelerate corrosion in corrugated
metal and are, therefore, sultable for use where
the unfavorable conditions cannot be eliminated
and where there is economic justification for
their use."

In addition to the above, McKesson's report set forth certain
other conclusions which the State Highway Engineer, feeling
that the service experience up to that time had been of such
short duration as to not justify a decision which it was felt
might be difficult to qustain without a longer service record
for all types studied, decided that the report should be glven
limited circulation as a confidential document in so far as
publication and general distribution was goncerned. For that
reason the complete conclusions of the McKesson report have never
been published, although reasons for any reticence which may

have been justified some twenty odd years ago probably no longer

exist.

ClihPDF - www .fastio.com


http://www.fastio.com/

ClihPD www.fastio.com



http://www.fastio.com/

ClibhPDF -

-5

The 1925-27 study did not indicate sufficient, if any,
advantage of pure iron over copper steel to justify the preference
in favor of pure iron which had, up to that time, frequently
influenced the California Division of Highﬁay purchasges,

In recognition of the relativeiy limited evidence on which
to base a definite conclusion McKesson's report contained the

following statement:

RELATIVE SERVICE VALUE OF PURE IRON
AND COPPERED STEEL IN CULVERTS

"When this study was begun it was believed and
expected that observation of four thousand or more
metal culverts which had been in use on State highways
up to 12 or 13 years, supplemented by inspection of
some few older culverts not on the State system, might
Turnish data whiech would justify conclusions as to
relative service value of pure iron and coppered
steel, the two metals most generally used in these
structures.

"It was found, as has been generally stated,
that there are many other considerations which vitally
affect culvert performance and that comparisons of
relative corrosive resistance of base metal could
only be arrived at after all known variables had heen
eliminated by grouping.

"When the field data had been gathered and the
effect of known variables sliminated by studying sep-
arately the small groups under supposedly identical
conditlons of service and exposure, it was found that
differences and inconsistencies existed even between
the performance of culverts of the same analysis.
This indicated that there are still other conditions
which affect corrosion but which have not yet been
defined or classified.
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"pt the time of inspectlon the coppered steel
culverts had been in service from four to ten years,
the predominant quantities being from seven to nine
years of age. The pure iron culverts had been 1in
gervice from four to seventeen years and the age of
the predominant quantities ranged from ten to thirteen
years.

"It was found that the average life of spelter
under average normal conditions in California is aboutb
8.6 years, and that the total average life of all of the
culverts inspected, under normal condibions, is about
10 years., It is obvious that corrosive registance of base
metal cannot be measured on culverts which still have a
zine coating. It was found that the average perlod of
exposure of base metal, on the group of culverts which
had passed spelter stage, was three and one-half years
and the shortness of this period added to the difficulty
in the evaluation of slight dsfferences in base metal
performance.

"ynder some conditions of exposure one or the
other of the metals appeared to indlicate some superiority,
but no general trend under all conditions has been
established at this time. It seems unreasonable to
attempt, with this brief period of exposure and lack
of repeated observations on the same culverts at different
periods of time, to definitely evaluate the possible
trends which were noted under some conditions. It seems
however, that the relative effect of the important variable
conditions of exposure and of service which are so out-
standing, and so easy to 1dentify should be compiled and
svaluated as far as possible with the data at hand. Such
information should be of use to those interested in culvertd
manufacture or performance.

Mgince the inception of this study several national
research agencies have undertaken studles with the same
objective in view; that is, of determining the Influence
of base metal compositlon on corrosion and of determining
factors related thereto, Outstanding among these institu-
tions are the National Highway Research Board and the
American Society for Testing Materials. The U, 5. Bursau
of Standards alsoc has under way a very slaborate study
of the metal corrosion problem. Instead of attempting to
complle and release conclusions based on the limited

ClihPDF - www .fastio.com


http://www.fastio.com/

ClihPD www.fastio.com



http://www.fastio.com/

o

ChibhPDF -

-T-

period of expesure as pointed out it is thought better
to place the data brought out in this study at the dis-
posal of the above named research agencies for the use

of their committees detailed to the solution of this
important but “intricate engineering probliem. It is hoped
that a continuation of the study may bring forth definite
answers to the perplexing problem of corrosion.”

1929-30 SERIES

Following the completion of the’ McKesson Report in 1928
Mr. McKesson resigned from state service, Mr. Purcell succeeded
Mr. Morton as State Highway Engineer in the fall of 1928, and the
writer was appointed Materials and Research Engineer that same
year.

Shortly after Mr. Purcell became State Highway Engineer a
fresh controversy developed over the relative merits of copper
molybdenum iron vs. pure iron and/br copper steel.

The California representatives of the manufacturers of
copper mqubdenum iron contended that it should be given
preferential treatment, at least equal to any given pure 1ron.

Mr. Purcell demanded service records %o substantiate the
claims of the pfoponents of the use of wolybdenum. This thej
were unable to furnish, at least to the extent of California
experiemae with pure ivon and copper steel, as recited in the
McKesson report.

After considerable discussion, accompanied by voluminous
correspondence during the latter part of 1928 and much of 1929,
the State Highway Engineer agreed to undertake a series of long
time field tests designed %o determine, if possible, the relative

merits of pure iron vs. copper steel, and further decided that
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culverts of Besgemer and open hearth steel should be included.

The above is the background of the current serles of téests
herein reported, which have been under way for 20 years.

In order to sescure accelerated test results, all of the

culverts In this series were installed in locations under bad to

moderately severe exposure conditions for which the 1926-27

gtudies had indlcated a relatively short life.

It was decided that the test should be conducted on un-
coated (black) as well as galvaﬁized sheets.

Considerable difficulty and delay was encountered from
the start owling to the refusal of one of the manufactures to
furnish black sheets on the contention that in the process of
galvanizing added protection was afforded not only by the zinc
coating but likewise in the transition zone at the junction of
the coating and the base metal, which 1t was claimed was greater
in the case of their produet thah the other types.

It was further contended that in the process of preparing
the metal far galvanizing some of the surface glaze and impurities,
such ag stcale, etc., on therunprocessed base metal was removed,
thereby rendering it more reslistant to corrcsion.

Owing to the impossibility cof securing black uncoated iron
sections from all participants it was declded to confine the

purchase to galvanized culverts and remove the spelter coating
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from one half ﬁhe‘length of each culvert section by acld treatment
at a commercial plant in the San Francisce Bay region asiﬁifi be
noted from the detailed report on procedure.

Prior to the start of the 1929-30 test series that psrt of
the California Division of Highways Standard Spgcifications
relating to the quality of metals used in culvert manufacture
pfovided that the material should éonform to one or either of
two alternatives (a) Pure Ironm and/or (b) Copper Steel.

It had been the ﬁractice to give preference to pure iron
whenever more than noﬁmaily severe weathering condltlions were
anticipated.

However, after thorough consideration of the data deveXoped
from the 1925-27 survéy supplemented by a study of data developed
by other State and National agencies, the California Standard
Speeifications for 19030 provided that the base metal should
eonform to chemical reguirements for five listed types which
were identical with specification M-36 of the A.A.S8.H.0. but
without specifie reference to A.A.S.H.O.

Subsequent C.D.H. Standards conformed with and made specifiec
reference to A.A.S.H.0. M-30 included an added (6th) metal
(wrought iron) with the proviso that any of the six kinds could
be used "unless otherwise” designated in the special provisfons.

The six kinds include Copper Molybdenum Iron, which was the
ocecasion for the 1929-30 tests.
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Therefore, in so far as the present situation is éohcerned
there is no current controversy over types.

However, continuing studies are being carried on nationally
relative to the comparative merits of different composit;on
culvert metals and it appears desirable therefore that all of the
data developed by this department be reported for‘Such use as

future developments require.
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CONCLUSIONS BASED ON THE 20 YEAR PERFQRMANGE OF THE
T CULVERTS IN THE 1929-30 TEST SERIES

There was no outstanding resisﬁﬁﬁbe to édrrosion-of any
one metal over the others in the project.

The thirteen sets on which Eests have beeﬁ completed
showed a length of 1life f0r‘tﬁe base metél from 0.3

to 13.3 years, with an dverdgé of S,S'years,

The nine sets still available_fér observation have an
eatimated 1life span for the base metal from 23 to 60
years with an average of 35 Yeafs, ‘These results were
ocbtained by extrapolation of fhe base metal deterioration
curves shown in Figures 6, 7, 8, and 9 of the report of
Supervising Materials arid Reséarch Engineer J. L; Hemmert
(attached). It is signifiéaﬂ%_to note that all these

sets are in the northern part of the state. (See Table

Nos 3 of Hemmezrt!s rePdPﬁ;);i
All metals, regardless of coﬁﬁésition;.reached the end
point at approximately ths same‘timé ét eéch site where
the thirteen sets on which”tesﬁé'are completed aré
located, with the excepéion of Set No. 23 iocated on
VIII-Imp-12-B at Sta. 22+97 arid Set Nog i located on
1I-Sis-3-B at Sta. 621+51. On Set No. 23 the Armco
galvanized section holed through approximately two

years before the other metals failed; and on Set No. L
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the Armco black section was found to be holed through
when the twenty year inspection was made while the
Western and Toncan metals still have 30 points to go
(See Table No. 3).

The galvanized sections, however, in all locations
had a longer life than the ungalvanized.

. Of the nine sets still in service, there 1s no appre-
ciable, if any, difference between the various metals
with the exception of Set No. lj as mentioned above.
In all cases, the galvanized sections are in better
condition than the ungalvanized.

Enclosed and made a part of this report is the detailed report
by Supervising Materials and Research Engineer J. L. Hemmert, who

was in direct charge of the inspections and ratings.

T, E. Stanton
Materials and Research Engineer

TES:RB
Encl,
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Project ¥No. 22

CULVERT INVESTIGATION
TWENTY YEAR AND FINAL REPORT ON
TEST CULVERT PIPE INSTALLATIONS

IN
DISTRICTS I, II, X, AND XT

Report by John L. Hemmert
Supervising lMaterials and Research Engineer

SYNPOSIS

During the year 1929 arrangements were made for the Materials
and Research Department of the California Division of Highways to
conduct field tests on corrugated metal pipe culverts to determine
the relative resistance to corrosion of the different kinds of
metals then being used by the variéus culvert pipe manufacturers.

These test pipes were installed at locations throughout the
State which would submit them to severe corrosive conditions. The
following types of culverts were'secured for test purposes:

"Armco Pure Iron,"

"Western Bessemer and Open Hearth Steel,"
and "Toncan Copper Molybdenum Iron.™

Twenty~six culverts, twenbty-four inches in diameter, by
twenty feet in length made up of No. lh USS Gauge metal of each of
-the above types were fabricated at Ozkland, California. Each set
consisted of five 2 ft., galvanlized sections and five 2 ft. sections
with the spelter removed.

A complete record of the fabrication, sampling, identifying,

and weights of apelter removed was compiled by a representative

of the Laboratory.
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The purpose of removing the spelter was to gain advance
information on the corrcsive resistance of the base metals as the
test progressed.

Samples were taken of all base metals which were submitied
to the Laboratory for chemical analysis.

PROCEDURE

Each test pipe was installed with the galvanized section at
the inlet end and ‘the black sections at the outlet end. Each
section was numbered in succession and tagged with metal tags,
stamped with two letters identifying the type and the series of
the section. The first letter indicated the type of metal and
the gecond the series. For example, a tag showing TD identified
a Toncan Culvert with the sections nugbering from 31 to hO
inclusive. The arrangement of the Bessemer and Open Hear?h
sections were asg follows: For sets A to M, inclusive, the first
two and last two sections of each culvert pipe were Bessemer
steel, and six central sections were Open Hearth steel. For sets
N to Z, inclusive, the reverse order was followed; i.e., two Open
Hearth, six Bessemer and two Open Hearth Ssctions.

The seventy-eight test pipes were shipped to Sacramento in
the latter part of January, 1930. See Figures Nos. 1, 2, 3, and
b

During Janﬁary, 1930, Districts I, IT, IV, VIII, and X were
contacted and arrangements made with the District Engineers of
each to assist the Laboratory in choosing the proper locations

for test pipe instaliations. Many locations were examined and
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studied with respect to soil and water conditions, accessibility
to highway, and information on culverts previously installed in
the immediate locality. The locations selected for the installa~
tions are listed further on in this report, and are shown on the
attached District Maps.

One culvert of éach type constituted a set and were installed
either side by side or in line, according to the physical condi-
tion at the site of instellation.

Soil samples were taken from the material covering the pipe
at each installation and, where possible, samples were taken of the
water flowing through the pipes. The excavated soil was mixed and
uniformly distributed over the Pipes so that the samples taken
would be representative of the whole,

Perlodical inspsctions were to be made and a tentative
arrangement agreed upon to do this semi-annually. The first in-
spection was made 7% months after inétallation and sets Nos. 15
and 16 in Amador Gounty were found to be holed through due to the
corrosive action by seepage waters from old copper mine tailings.
These culverts were then turned on the quarter and reinstalled
(8es Figure No. 5). Monthly inspections were than made on these

two =ets.

At each inspection, each Pipe was exposed at the center and
a rating made of both galvanized and black sections. Both interior
and exterior surfaces of each pipe were rated for condition of the

spelier and base metals in accordance with method of rating culverts
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used in the 1925 culvert investigation.

Ag none of these fest plpes were under a roadway and as we
were not interested in the structural features, the material rating
was made and comparative data accumulated on the metals only. The
material condition was expressed in per cent, with a maximum of
90% and the corrosion clasgification expressed.in the letters A, B,
¢, b, E, F, G, and H.

The method of rating is briefly explained as follows:

90% galvanizing entirely intact.

90% to T70% no appreciable loss of metal and no pitting.

Some abrasion. Slight rust spot or warty growth. Gradual

losg of spelter.

70% to 50% loss of spelter and slight loss of metal in
invert. Sceattered pitting. Decided abrasion in invert.

50% to 30% heavy loss of metal in invert. Decided pitting.
Heavy scaly rust. Severe abrasion effects.

30% to 10% metal corroded or abraded nearly through in
invert or elsewhere. General deep rust over pipe. Very
heavy scaly rust or pitting.

0% holes in metal due to corrosion or abrasion.

METAT, CORROSTION CLASSIFICATION

Spelter Claggiflcations

(90% to T70%)

A, Oxidation of sgpelter noted by progressive light colored dis-

coloration (usually in scouring condition).
B. Oxidation of spelter noted by deposits of black oxides usually

in £illing condition.
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RUST CLASSIFICATION

After Loss of Spelter

(70% to 0%)

Go Dark, tight, hard, smooth, uniform, slow acting.

D. Dark heavy =cale, tubercle or barnacle, usually In patches near
flow line. First iIndication of pitting. Barnacles formed from

iron and compounds of minerals in flow.

E. Pitting (Ey Hard, small, deep, tight ~------- follows D)
(E2 Soft, red, shallow, large, loose ----- follows G)
F. Red, loose, smooth, soft, uniform, rapid action.

G. Red, heavy scale, tubercle or barnacle usually in clusters near
flow line forerunner DfEau

H. Barnacle growth in invert of metal pipe carrying mine or marsh
water, not preperly a rust, but an organic growth, although

carrying some ircon compounds. Probably organie.

Location of Test Pipe Installations

and

Conditlions at Sites Selected

Set No. 1

Installed on II-Sis-3-C, at Station LOh+55, This set was
laid in line on the west side of the highway and carries the seepage
from a shale hillside overlaid with reddish soil. The goil to
cover the plpes was taken from this hillside. An indication of
the corrosion to be expected was presented by the appearance of a
side drain showing severe rust action. This set is now on an abandoned
portlion of the highway and the loWer one-quarter portion is-in a

filling condition.
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Set No. 2

Located on II-3ig~3~C, at Station 164+86. This set was placed
in line on the west side of the highway bslow a barn and stock
corrals. The drainage from thig area seemed to pave effeated a
metal plpe across the highway at this location, khich showed a

metal loss of 50% or more at the time the site was selected. No
data could be obtalned ag to date of installatibn of this pipe.

The barn and corrals were moved in the year 1931, and little moisture

reaches this set thereafter.

Set No. 3

Located on II-Sis-3-B at Station 202+79. This set was placed
side by side twelve inches apart, on wooden stringers set to
grade in the diteh on the west side of the highway. The soll is
of a black adobe nature containing asmall gravel. The run~off is

more or less constant for nine months of the year,

Set No., 4

Located on iI-SiS~3~B at Station 621+51. This set was placed
in line on the east side of the highway and receives the water
from a portion of the north slopé of Mt. Shasgta. The flow is
continuous throughout the year. The plpe was placed outside the
diteh line and the water diverted so that it flows through the pipe
and diteh simultaneously. The soil 1s a sandy clayey loam and
contalns some gravel,

Set No. 5

Located on II-Sha~-3<B at Station L2l1+50. This set was placed
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in line in the ditch on the southerly side of the highway below a
gloping springy meadow. It carries considerable run-off duriﬁg
the winter and spring months and remains dry during the summer and
fall period. The soil is a red clayey loam contalning considerable
gravel, This location was selected for a test site as all metal
culverts previously placed across the highway adjacent to this
slope had been replaced with concrete owing to the rapid deterloration
of the metal.
Set No. 6

Installed on II-Sha-3-B at Station 58+50. This set was
installed side by side on the north side of the highway at the base
of a steep slope. Just below it is a copper steel eculvert which
showed severe deterioration when the site was selected. The soil
is of a brown gravelly nature and being on a steep slope, the
pipes would be subjected to some abrasion.

Rating of this set terminated In 1937 due to the fact that
the new alignment of the highway eliminated this section of roa dway,
and it was allowed to revert to the county. The installation being
near a junction with the new highway, a roadside community sprang
up. Private enterprise leveled off the hillside above these pipes

and buried them under a ten foot £111.

3et No. 7

Located on I-Hum-1-I at Station 383+47. This set was placed
in line on the west side of the highway. It carries a continuous

run-off from & brown and black adobe soil, heavily wooded with
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timber, a large percentage of which is second growth redwood.
Tmmediately above the installation and crossing the highway is a
twenty-four inch (2h") Armco Culvert installed in January, 1922.
Also, in the same water course, 100 feet above, is a Toncan culvert®
(date of installation unknown) both of whiech showed severe rust
action when this site was selected. The test pipe having been
placed in front of a wayside eating house, it was necessary to
construct a manhole Lo allow for inépectionu Since the inspection
in 19&0, the grade at this point has been raised 12 to 18 inches
and a gravel base laid over the manhole and test pipes, and an
extension of 80 ft. of 2&" pipe hag been placed at the lower end.
Ten inches of water 1s now flbwing through this set and it was
‘deemed uneconomical to uncover for inspection.
Set Nb. 8

Located on I~Hum-1-H at Station 229+65. This set of pipe
wag placed side by side on the west side of the highway. The
location is on the mud flafs of Humboldt Bay between Eureksa and
Arcata. They were so placed that the pipe would be subjected
to alternating wetting and drying by salt water during the fluct-
uétion of the tides.

Set _No. 9
Located on I-Hum-1-G at Station 342+498. This set was laid

in line on private property west of the highway. A written permit

was obtalined from the owner which is on file in the Distriect office.
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The soil is brown clay and the immediate terrain is steep,
rolling pasture land. The culvert crossing the highway immediately
above this installation had holed Bhrough in the invert at the
time this site was selected. .

The highway adjacent to the location of these plpes has been
abandoned and is now about a mile from any point accessible by car.

Set No. 10

Located on I-Hum-1l-D at Station 307+85. This set wag laid
in line on the south side of the highway through a section of the

redwoods. It is just below a twin eighteen inch (18") culvert,

“which had shown a loss of hS% in eight years of service. The soil

ChhPDF -w

ia sandy, reddish brown in color, and contains considerable vegetable
matter. The drainage area congists mainly of the run-off from the
ditches along the roadside.

Set No, 11

Located on I-Men~l-K at Station 115+21. This set was laid
in line on private property in Lilly's Redwood Flat south of the
highway. A permit from the owner is on file in the District office,
A twelve inch (12") Armco culvert installed in 1926 across the
highway above the test installation showed a loss of 30% during
four years service. The soll is a reddish yellow clayey sand
containing considerable vegetable matter. Immedlately above the
highway is a small grove of %an oak.

Set No, 12

Installed on I-Men-}i8~A at Station 55+00. This set was

placed side by side on the south side of the highway in the side
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diteh, a73 sections were laid on stringers to grade. Below and

across the highway ig a thirty inch (30"} Armeo culvert which

showed a loss or S0% at the time or test pipe installationu No

culvert Carrying the same water showed g loss of 25% in two years.

Part of this deterioration wag due to abrasion., The drainage apres

the rise ang fall of the tides, The goll Covering the Pipe ig clay

and shale,

Set NQu'lg

which showed 8 logs of 25% in 51X years of service, The lagt
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Set No. 15
-.‘—‘—'_——-—h__‘___'
Installeq on XmAmaw3AwB at Station 189453, This get was laig

®ighteen ineh {18M) culvert Instalieg in 1921 4p 22 which showed 5

gravelly clay mixeq wWith some decompoged material, The first
inspection Was made gevep and one-half (74) months after the
installationa At that time the action wag S0 severe that the Pipes
Were holeq through ang had to pe turned on the quarter, Inspection
was made monthly thereafterp,
Set Wo. 16

Instalied on XeAma=3)i-B gt Station 187400, This set wag
blaced side by sidé on private Property south of the highway in the

Installeqg on X—Tuo—lB—B at Station 5?6+93° This get Consists
o two Pipes, of ®ach make, 1gig in line, in the diteh, on the .
west side of the highway, a twentwaour_inch (24" copper stee]
Culvert installeg in 1915 Just below and across the highway hag the

invert heleg through at the time thigs installation was made., The
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itself, apparently due to the drainage fromold mine dumps. The
terrain is hilly with steep wooded slopes and the brown clayey
soil being of a gravelly nature, some abrasion was to be expected.

s#8et No. 18

Installed on VIII-Imp~26-C at Station 64+40. This set was
pléced side by side on the west side of the highway in a shallow
borrow pit without any particular regard to drainage. The site is
in 2 sandy desert with practically no rainfall. 7The pipes were
covered with sand from the surrounding afean Thisg sand is alkaline
and contains considerable iron oxlde or magnetite.

#8et No. 19

Installed on VIIT-Imp-26-4 at Station 96+400. This set was
12id in line on the north side of the highway along side an irri-
;? _ gation ditch. The soil is fine sandy silt and during irrigating
| periods becomes moist. .
#Set No., 20
Installed on VIII-Imp=26-G at Station 395+61., This set was
laid in line on the east side of the highway immediately adjacent
"to a main irrigation canal carrying a constant flow of water. The
soil is sandy adobe and 1s in a constant state of dampness. A few
feet north of this set is a twenty-four inch (2h") Armco culvert
laid in 1929 which showed a 30% deterioration in metal in approx-

imately one year.

#8et No. 21

Tnstalled on VIII-Imp-27-~C at Station 150440, This set was
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laid in line in the ditch on the north side of the highway. The
pipes were covered with adobe soilil taken from the top slx inches
of the adjacent railroad right of way. The soll has & high per-
centage of chlorides. A small eight inch (8") metal side drain
west of the installation showed severe rust action when this gite
was selected.
*Set No. 22
Installed on VIII-Imp-12-C at Station 199+ll. This set was
laid in line on the north side of the highway in the side ditch
at the outlet of an eighteen inch (18"} culvert. This culvert had
" holed through from the exterior at the time this site was selected.
It had originally been used for irrigation purposes, but had been
abandoned. The soill is silty adobe and 1s heavy in chlorides.

#8et No. 23

Installed on VIII-Imp-12-B at Station 224+97. This set was
laid in line on the north side of the highway above an eighteen
inch (18")Armco culvert which showed a 60% deterioration. Sand
froﬁ the immediaté vicinlity constituted the cover.

# Note:

Set Nos. 18 to 23 inclusive, were installed in District VIII,

but are now in District Xi due to a change in District Lines.

TEST RESULTS AND COMMENTS

The chemical analysis of the base metals and weight of

apelter coatings for the various types of C. M. P. used in
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this investigation are shown in Table No. 1.

The Armco and Toncan basé metals comply with specifications
for #hese metals being used at the present time. All galvanized
sections had over 2 ounces of spelter per square foot which is
presently being specified as a minimum.

The chemical analysis of the soil which was used to cover the
pipes and the analysis of the water_passing through some of them
is shown in Table No. 2. Note the high chlorine and sulphate
contents of the water passing through sets 8, 13 and 16, and the
alkali present in the soil in Imperial County sets 18 to 23 inclusive.

The ratings of the nine sets of pilpes under observation twenty
years after installation is shown in Table No. 3. Also shown in
this table 1s the spelter 1life, base metal life, dates sets were
installed, dates of last inspections and the over-all average rating
of the black and galvanized sections at this period.

Figure No. 13 shows the averages of all sets plotted over a

twenty year period.

In order to facilitate the description of test results on
the entire series the installations are grouped by countles as
Follows:s

Sigkiyou County Series

Sets 1 to L inclusive compose this series. They are located
as followss

Set No. 1 - II=Sis=3-C, Sta. j0j+55
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Set No. 2 - II-8is-3=C, Sta, 164+86
Set No., 3 - II-Sis-3-B; Sta. 202+79

Set No. l} = II-81s=3=B, Sta. 621451

These sets are stiil intact after 20 years, except the Armco
black section in Set No. L. This was holed through at the 19&9

inspection, whereas, the Western and Toncan still had 30 points to

go. All show a slow gradual deterloration over this period. See

Figure No. 6. By extrapolation of the curves shown here it is
estimated that the base metal 1life of these sets will be as follows:
Sets Nos. 1 and l, 33 years, Set No. 2 - 60 years and Set
Wo. 3 - 50 years. The spelter 1life on these sets ranged from

L.} to 15 years. (See Table No. 3)

" 8hasta County Series

Sets 5 and &6 compose this series,
Set No. § installed on II-Sha-3-B at Sta. L2l+50 is still

intact after 20 years and shows a slow gradual deterioration

similar to those in Siskiyou Gounty. Set No, 6 installed on II-

Sha~3-B'at Sta, 58450 followed the same trend for 7.3 years. After
this period it became unaccessible due to having been buried under
a ten foot fill by private enterprise. See Figure 7 for deteriora-

tion curvesg of these setbs.

By extrapolation of the curves shown for Set No. 5, it is
estimated the base metal 1ife will be 4O years. The spelter life
of thig geries is as follows: Set No. 5 - 5.8 years and Set No.

b = 7.3 years.
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Humboldt County Series

Sets 7 to 10 inclusive comprise this series., They are located

ag follows:

Set No. 7 - I-Hum-1~I, Sta.383+47

Set No, 8 = I-Hum-1-H, Sta. 229+65
Set No. 9 - I-Hum-1-G, Sta. 342+98
et No. 10 - I-Hum-1~D, Sta. 307485

A1l show a uniform gradual deterioration, although & somewhat

more rapid action than those in Siskiyou and Shasta Counties, except

Set No. 8 installed in Humboldt Bay. This set shows a very rapid

deterioration for approximateiy the first two years, then slowed up
for five years, and agaln deteriorasted rapidly for approximately three
years. See Figure No. 8. The spelter 1lifee of this set was 0.7 yeoars
and the base metal 1ife 10.5 years. By extrapolation the basse metal

1ife of the other three sets in this series ig egtimated to be

approximately 25 years. The spelter 1life of these three sets ranged

from 2.5 to 3.5 years. (See Table No. 3)

Mendocino County Serieg

9ets Nos. 11 and 12 comprise this series.

Set No. 11 installed on I-Men-l-K at Sta. 115+21, which is in
Lilly's Redwood Flat follows a deteriocration pattern very close to
the inland installations in Humboldt County. The eatimated base
metal 1life of this set is 25 years.

Set No. 12 installed on _T=lMen-48-A at Sta. 55+00, carries the

drainage from a heavily wooded tan and serub oak area showed compara-
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tively rapid deterioration, through both the spelter and base metal
atages. (les Figure No. 9) The 1ife of this get was 13.3 years,
which is approximately one half that of Set No. 11 above, installed
in a redwood drainage ares.

Solano Counby Series

Yets Nos. 13 and 1ly comprise this series.

Set No. 13 inatalled on ¥X-Sol-City of Benicia at South Hampton
Ray deteriorated rapidly, Very similar to Seb No. 8 installed in
Humboldt Baye. The spelter 1ife was only 0,8 years and the base metal

\life 7.3 yearss It 18 congidered significant to note that the

exposed ends of the black sections holed through approximately P
years pefore the covered sections. (3ee Fig. Noo 10) This is
undoubtedly due to beling exposed to salt water spray-
| set No. 1l installed on %-801-7-D at Sté, 229+27 showed &
comparatively rapid deterioration for the first few years and then
slowed Uup congiderably up to lQth when the Jast ingpection Was
made. This setb is now inaccessible due Lo a four lane highway

having been congtructed over the site.

Amador and Torolomne County Series

Sets Nose. 15, 16, and 17 comprise this gseries. See Figure
No. 11 for rates of ecorrosion.

Sets 15 and 16 installed on X-Ama-3L-B Sta. 189+53 and 187+00
respectively are in the same water course. This drainage ares

carries the seepage from the tailings of an old copper mine dump
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‘which is very destructive to metal pipe. PFigure No. 5 shows the
conditions of the pipes when the first inspsction was made 75 months
after installation. Following the discovery of this condition,

the pipes were turned on the quarter and ingpsescted monthly. Under
the existing conditions, it was found that both galvanized and black
sections had a life span of only L3 months.

Set No. 17 installed on X~Tuo-13~B at Sta. 576+93 had a life
gpan of 5 yeers. The deterioration of this set was very rapid for
the first 2 years, then slowed up for 13 years and then accelerated '

Nagaiﬁ for the last 2% years. It is probably that the drainage from |
ﬁold mine dumps from remote localities figured in the deterioration
of -this set also.

Imperial County Seriesg

8ets 18 6 23 inclusive comprise this series. Sets were
installed throughout Imperial County at the following locations:

Set 18 ~#VIII-Imp-26-C, Sta. 6L+40

Set 19 - VIII-Imp-26-A, Sta. 96400

Set 20 = VIII~Imp=26~G, Sta. 395+61
Set 21 - VIII-Imp-27=G, Sta. 150+h0
Set 22 - VIII-Imp-12-C, Sta. 199+1l

Set 23 « VIIT~Imp~12~D, Sta.. 22497

#These locations are now in Districet XI due to a change in
District lines. |

Figure No. 12 shows the progress curves for the deterioration

of these gsets. The rate of deterioration varles considerable for

ClihPDF - www .fastio.com


http://www.fastio.com/

ast

ity

1o

C

om



http://www.fastio.com/

'\“fw'.

~19~

all sets except Set No. 23 which is comparatively uniform. The
spelter life of these sets varied from 0.7 %O I} years, with an
average of 1.3 years and the base metal 1lifesgpan varied from 3 .
to 8.7 years with an average of }.95% years. {See Table No. 3)

The 1ife span of these sets appear to be directly related
to the alkali concentration present in the soil at the time of
installation. (See Table No. 2)

Attention is“called to Set No. 23 in whilch the Armco galvanized
sections holed through approximately 2 years before the Western

and Toncan falled.

SUMMARY AND CONCLUSIONS

With ratings compléted on Fifteen of the twenty-four best
sets originally installed, thirteen having holed through in both
the galvanizedrand ungalvanized sectlons and two are covered by
fills making them inaccessible, the regults at the twenty year

period may be summaried as followed:

1, There was no outstanding resistance to corrosion of

any one metal over the others in the project.

2. The thirteen sets on which tests have been completed
showed a length of life for the base metal from 0.3 to 13.3
years with an average of 5.5 years.

The nine sets still available for observation have an extimated

1life span for the base metal from 23 to 60 years with an average

of 35 years. These results were obtained by extrapolation of the
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base metal deterioration ecurves shown in Figures 6, 7, 8, and 9,
It is(significant to note that all these sets are in the northern
part of the State. (See Table No. 3)

3. All metals, regardless of composition, reached the end
point at approximately the same time at each site where the thirteen
sets on which tests are completed are located, with the exceptioﬁ
of 8et No. 23 located on VIII-Imp-12-B at Sta. 22+97 and Set No.

l, located on II-Sis-3-B at Sta. 621451, On Set No. 23 the Armco
galvanizedlsection holed through approximately 2 years before the
other metals failed, and on Set No. !} the Armco black section was
found %o be holed through when the twenty year inspection was made
while the Western and Toncan metals still have 30 points to go.
(See Table No. 3)

The galvanized sections, however, in all locations, had a
longer 1life than the ungalﬁanized°

Iy Of the nine gsets still in service, there 1s no appreciable,
if any, difference between the various metals with the exception
of Set No. h as mentioned sbove. In all cases, the galvanized

gsections are in better condition than the ungslvanized.
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TABLE NO. I

LABORATORY ANALYSES
OF
BASE METAL AND SPELTER

Total
Deter-
mined [Spelter
Tegts| Mo. |Mn. {Sul.|{Ph. |Si. |Cu. |Ele- Oz. Per
Ga./Run |% % % % % % ments |Sq. Ft.

- Armco 14 |3 - .027| .023] .003| .003| .026[.082 [2.49
3 Tonecan i 1L .086 ,i7u .022]| .008| ,00L| .h21| .715 |2.20
Western (OH) b {1 - .220| ,039| .010| .002| .027| .298 [2.06
Western (Bes.) |14 |1 - .227| .029| .128| .002| Tr. | .386 [2.23

ClihPDF - www .fastio.com


http://www.fastio.com/



http://www.fastio.com/

TABLE 2

S30IL AND WATER ANATLYSTS

_ ~Soil - per cent o . Water - parts per million
Set
Yo c02 ic; soLL Hco3 oL solL _Date
Siskiyou County|
1 .019 .028 T 338 12 2k2 l=17~30
2 .018 .035 T
3 066 Doﬁo T 262 6 T - 3-30
1120 22 7 lj=17-30
n 073 .038 T 203 10 15 ~ 3=30
383 8 10 l}~17-30
Shasta County
.018 .018 T L2 o % 3-30
, 57 10 u~1? -30
6 .013 .030 T
Humboldt County
7 .01l .028 T 32 13 n - 3-30
31 50 T }~17-30
8 01 11.375 291§ 93 | 7290 253 2- 3-30
, 185  p5LOO 2070 h-17-30
9 .018 025 T 31 3l 52 - 3=30
71 70 8 j~17-30
| 10 022 .025 7
Mendocino County
11 .023 .05 T
12 017 .038 s 102 10 3 h-17-30
. Sclano County
13 .04o | .058 .030 60 140 Ll h=17-30
71 4120 L9s L-20-31
1l .03l .035 T 112 T h-17-30
‘ Amador County
15 .036 0110 T (09 2l 158 11-12-30
16 .020 °035 i (== 20 938 1- 8- 31
(= 2l 1251 2- 11-31
(== 22 966 3~ 16-31
Tuclumne County
17 .01l .050 . 00l - 2 283 b= b= 30
== 12 L58 b- 17-30
Imperial Gounty
18 .03k 837 021
19 .033 .085 .103
20 noi3 Ulss 339
21 041 12.137 . 600
22 026 uauTS 2357
23 .031 .070 073
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TABLE L

AVERAGES OF ALL SETS AT VARIOUS RATING PERIODS

1931 | 1933 | 1935 | 1937 | 1940 | 1945 | 1949
‘sl Sl S e G e o B S B
In 71.5 | 60.2 | 51.7 | 3h.6 | 28.1 | 2L4.1 | 18.6
Galv. '
out |68.8 | 58.0 | 4o.L | 34.6 | 29.3 | 25.0 | 19.5
Armco
' In Sh.k | ho.3 | 36.1 | 22.9 | 17.3 | 1h.3 | 10.0
Blk.
out |sh.5 | 4o.1 | 36.9 | 23.9 | 19.2 | 16.6 | 10,5
In 71.5 | 60.2 | 51.7 | 37.1 | 29.9 | 25.9 | 18.6
Galv,
out (68.9 | 58.3 | h9.2 | 35.6 | 29.7 | 25.5 | 19.5
Western
. In s5h.3 | 40.3 | 36.1 | 22.9 | 17.3 | 14.5 | 10.5
" |out !55.0 | Lo.3 | 37.2 | 23.9 | 19.2 | 16.6 | 11.8
In 71.5 | 60,2 | 51.7 | 37.1 | 29.9 | 25.9 | 18.6
Galv,
out |68.9 | 58,2 | h9.2 | 35.2 | 29,5 | 25.5 | 19.5
Toncan
L In sh.hy | bo.3 | 36.1 | 22.9 | 17.3 | 14.3 | 10.5
Blk,
out |55.0 | Lo.3 | 37.2 | 23.9 | 19.2 | 16.6 | 11.8
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igure No,

Fi

FPigure No, 1

Figure No, L

3
The above figures show the test pipe while in storage at Sacramento

FPigure No,
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Figure No, 5

The above photograph shows the condi-
tion of the metal in sets No. 15 and
16 installed in Amador County seven

and one-half (7%) months after instal-
lation,.
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